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Production and decays of doubly charged Higgs bosons at the LHC and future hadron colliders 
triggered by vector boson fusion mechanism are discussed in the context of the Minimal Left- 
Right Symmetric Model. Our analysis is based on the Higgs boson mass spectrum compatible 
with available constraints which include FCNC effects and vacuum stability of the scalar potential. 
Though the parity breaking scale vr is large (~ few TeV) and scalar masses which contribute to 
FCNC effects are even larger, consistent Higgs boson mass spectrum still allows us to keep doubly 
charged scalar masses below 1 TeV which is an interesting situation for LHC and future FCC 
colliders. We have shown that the allowed Higgs bosons mass spectrum constrains the splittings 
±± — M^±), closing the possibility of IP^^ —>■ Wi^IP^ decays. Assuming that doubly charged 
Higgs bosons decay predominantly into a pair of same sign charged leptons through the process 
pp ^ ^ £^£^£^£^jj, we find that for LHC operating at ^/s = 14 TeV with an 

integrated luminosity at the level of 3000 fb“^ (HL-LHC), there is practically no chance to detect 
such particles at the reasonable signihcance level through this channel. However, at 33 TeV HE-LHC 
and (or) 100 TeV FCC-hh a wide region opens up for exploring the doubly charged Higgs boson 
mass spectrum. In FCC-hh, doubly charged Higgs bosons mass up to 1 TeV can be easily probed. 


PACS numbers: 12.60.-i, 12.60.Fr, 14.80.Fd, 14.80.Ec 

I. INTRODUCTION 

Weak vector boson fusion (VBF) processes were sug¬ 
gested quite some time ago in the context of Higgs 
searches [ll-0|. They are characterized by the presence 
of two jets with large transverse momentum (pt) in the 
forward region in opposite hemispheres along with other 
observables, like charged leptons. In fact, many interest¬ 
ing Standard Model (SM) processes, e.g. diffractive in¬ 
teractions, low-x QCD physics, VBF Higgs production, 
photo-production are also accompanied by production of 
forward particles. Interestingly LHC has a very rich “for¬ 
ward physics” program and for the necessary investiga¬ 
tion there are dedicated detectors like LHCf 0 and(or) 
FP420 Due to uncertainties in jet tagging the ef¬ 
ficiency is relatively low and, thus, the significance of 
these channels is rather suppressed. Nevertheless, from 
the discovery perspective, many Beyond Standard Mod¬ 


els (BSM) can also be tested using forward jets. Such re¬ 
lated studies are also important for dark matter searches 
through mono-jet plus missing energy [^-Q. 

In this paper we continue (9l-[lll| a dedicated analysis 
of the Minimal Left-Right Symmetric Model (MLRSM) 
[l^ - [l^ aiming at exhaustive exploration of interesting 
BSM signals at present and future hadron collider^. For 
many reasons the parity breaking scale vr of the right 
5't/(2) group in MLRSM must be already around 0(10) 
TeV [iElEIil. However, as discussed recently in [lO . 
El , in such models charged Higgs bosons can have masses 
at the much lower level of a few hundred GeV, and that 
scenario is still consistent with experimental data. In 
this case, it is imperative to cover all possible scenarios, 
and their potential effects at the LHC should be analyzed 
carefully. Interestingly enough, a recent CMS study [1^ 
can be interpreted as favoring right handed currents. 

In our previous analyses we have worked with the 
scalar mass spectra which are compatible with the uni- 
tarity of the potential parameters, the large parity break- 
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^ The main features of this model are equal SU(2) left and right 
gauge couplings, Ql = 9r, a scalar potential which contains 
a bidoublet and two triplet scalar multiplets, considered for the 
first time in [T5l| . see also EH- 
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ing scale vr and the severe bounds on neutral scalar 
masses (M^o, M^o) derived from Flavor Changing Neu¬ 
tral Currents (FCNC). In this work we have further im¬ 
plemented another necessary condition: vacuum stability 
of the scalar potential. It appears that even after taking 
into account all these constraints, the consistent scalar 
mass spectra can accommodate doubly charged Higgs bo¬ 
son masses in a region which can be explored by the LHC. 

In the past, we have focused on searches for multi¬ 
lepton signals associated with any number of jets; i.e., 
there was no jet veto. Here, the analysis of possible VBF- 
type signals with four leptons and two jets using suitable 
VBF cuts is presented. 

We have used our version of the Left-Right symmet- 
ric model implemented in FeynRules (v2.0.31) [2l|, [ 2 ^. 
The general signal and background analyses for multi¬ 
lepton and ta gged forward jets are performed using ALP- 
GEN (v2.14) Madgraph (v2.2.2) ^ and PYTHIA 
(v6.421) Hi]. 


our opinion conclusions based on partial results and a sin¬ 
gle class of (scalar) diagrams can be deceptive; thus, we 
need to consider complete calculations including renor¬ 
malization. We recall a series of papers on the 1-loop 
corrections to the muon decay in MLRSM, starting with 
qualitative results [ 2 ^, and finishing with quantitative 
analysis [3l|. The upshot of all these analyses, important 
for our present discussion, is that there is a strong fine- 
tuning between contributions to ApEw from different 
classes of non-standard particles: Higgs and additional 
gauge bosons and heavy neutrinos (fermions). By their 
nature, cancellations among bosonic and fermionic types 
of diagrams are present, and a change of mass spectrum 
of the Higgs bosons can be compensated for by different 
choices of vr scale (gauge bosons) and masses of heavy 
neutrinos. These analyses in the context of the LHC have 
been considered in detail in Q. 

III. CONSTRAINTS ON 03 AND Sp: ADDING 
VACUUM STABILITY CONDITION 


II. POSSIBLE PROCESSES WHICH IDENTIFY 
DOUBLY CHARGED HIGGS THROUGH VBF IN 
MLRSM 

There are many interesting channels in which doubly 
charged Higgs particles can be produced in MLRSM. In 
the hadron collider, productions of doubly charged Higgs 
particles crucially depend on their couplings with vector 
bosons. These charged scalars (H^^) are produced ei¬ 
ther through neutral and charged currents or fusion pro¬ 
cesses. Representative classes of diagrams which con¬ 
tribute to productions associated with two jets are 
given in Fig. [I] 

If X = in Fig. m then doubly charged Higgs 

particles are produced in pairs. Assuming further that 
decays predominantly into leptons, a signal of four 
leptons associated with two forward jets in the final state 
is foreseen, pp —>• —>• In the 

Drell-Yan case also [see the diagram (d) in Fig. [T], if 
X = a four leptons plus two jets signal is possible, 

though its contribution is suppressed once the VBF cuts 
are activated. 

We should also mention that vector boson fusion di¬ 
agrams interfere substantially with Bremsstrahlung-like 
(or Drell-Yan) processes [ 2 ^. 

Here we focus on the pair production of doubly charged 
scalars associated with two forward jets. As mentioned 
already, this signature can be promising since LHC has 
dedicated search channels for tagged forward jets. VBF 
processes with doubly charged Higgs bosons have been 
considered lately in with the main focus on three lep¬ 
ton signals with missing energy and in where doubly 
charged Higgs bosons decay into same-sign W bosons. 
In there is also an interesting discussion on scalar 
corrections to the self-energy of and the ApEw pa¬ 
rameter. It has been argued that there exist severe con¬ 
straints on the charged scalar mass splitting. However, in 


Analysis of the LHC data provides lower limits on the 
doubly charged Higgs mass [S^ depending on their lep- 
tonic decay branching fractions. In the scenario where 
BR{H++ e+e+) = BR{H++ p,+p+) ps 0.5, that 
limit is Mlhc = Mr±± ^ 450 GeV; see Fig. [5] for de¬ 
tails. 

Limits on the MLRSM potential parameters have been 
discussed lately in m- Similar to the earlier case, we 
focus on the as and Sp = ps — 2pi parameters, which are 
important for the scalar mass spectrum (all notations are 
as in Eini). First, to suppress FCNC effects generated 
by Hf and Af, we assum^l that their mass is bigger 
than Mfcnc = lOTeV. Because M'jjo ^0 = asv\l2, this 
results in the following lower limit on 0 : 3 : 


as > 


^JWpcNC 


( 1 ) 


Taking into account that = (Sp + as K^)f2, 

one gets 


0!S > — Sp Vr), (2) 

tv 


where k = 246 GeV is the electroweak symmetry break¬ 
ing scale. The third constraint originates from the neces¬ 
sary condition of the boundedness of the potential [s^: 


as < \/8Ai(47r - Sp). (3) 


^ To our knowledge, their effects have been discussed for the first 
time in the context of Left-Right models in [sSl . see also Bin, 
and recently [ 3 ^ . In general, their masses need to be at 
least of the order of 10 TeV, though some alternatives also have 
been considered in [33 . 
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FIG. 1. Basic processes which lead to pair production. In the first three diagrams is produced through fusion of 

two vector bosons V and V'. Each of them can be or 7. The second product of the fusion, scalar X, is or 

H°, depending on the configuration of colliding vector bosons. Analogously, scalar X' and vector boson V” can be identified 
once V and V' are specified. In the last diagram is produced through collision of two quarks q and q' in the Drell-Yan 
process. The second product of the decay, scalar X, can be identified as or once V is specified. 


ATLAS bounds on mass 



(GeV) 

FIG. 2. Exclusion limits on the masses of doubly charged 
scalars from the ATLAS analysis, depending on their leptonic 
branching ratios. The lepton flavor violating modes are not 
shown here, as they are not concerned with the purpose of 
our analysis. This plot is based on Fig. 5 in [ 3 ^ . 


The value of Ai is fixed by the lightest neutral Higgs 
boson mass as = 2 Aik^. 

Now it is interesting and important to ask what is the 
maximum allowed mass splitting AM = M^±± — Mnt 
that will be consistent with the bounds on {a^,5p) de¬ 
rived above. Such queries cannot be unnoticed from a 
phenomenological perspective because only for AM > 
Mw^ can the doubly charged Higgs have the following 


decay: . This has a massive impact on 

the decay branching ratios of It is straightforward 

to check that the biggest AM is reached for Sp, saturat¬ 
ing both inequalities in Eqs. m and (j 31 ) which imply 

A(2M^hc - ^PVr) = ^/8Xl{4^T-6p). (4) 

tv 

The physical solution to this equation and the corre¬ 
sponding maximal value of AM is 

'^R 

AM = AMo,(l+ ...), (5) 

where ‘...’ stands for corrections of the order of 
O (MLHc/^fljOne can check that AM de¬ 
pends on vr very weakly and is nearly equal to the 
asymptotic value AM^c = lim„^_>oo AM = Mlhc — 

\/^LHC - a; 65.3 GeV, for Mlhc = 450 GeV. 

As dy^AM > 0, this implies that on-shell decay —>■ 

is kinematically forbidden regardless of the scale 
Vr. Interestingly, we came to the same conclusion as in 
but based on different kinds of arguments. There is 
another consequence of the requirement that the scalar 
potential is bounded from below. Namely, one can show 
that, using Eqs. (HD and (ED, in the allowed parameter 
space there is an upper limit on the mass: 

+ •••)- 9.98 TeV, (6) 
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where stands for the corrections of order of 

0{k} lv\^. The maximal value of M^±± is reached 

for Sp satisfying y^ 8 Ai( 47 r — Sp) = and 

as = ‘2MpQ^Q/vji, which correspond to the intersection 
point of lines restricting regions defined by Eqs. © and 
©■ The situation is summarized in Fig. |3l Naturally, 
the minimal value of the mass in the discussed 

setup is Mlhc- For the sake of completeness, let us 
note that if there are no experimental limits on M^±± 

and i? 3 , then the lowest possible mass of consis¬ 
tent with the vacuum stability bound, Eq. ®, would be 

^2y/TTMfjov ~ 330 GeV, which corresponds to —>■ 0 

and as —>■ i/327rAi. On the other hand, the MLRSM 
does not provide any relevant constraints on the 
mas^. We would like to mention that when p 2 satisfies 


1 1 

P 2 < -min(a 3 ,( 5 p) -k -- ^ 




then a similar type of decay of is kinematically for¬ 
bidden as is too light to decay into and W^ 2 ’ 
respectively; see the benchmarks in the next section. 


same flavored but opposite sign lepton pair invari¬ 
ant mass must be sufficiently away from the 

SM Z-boson mass, say, — Mzi | > bT^^ ~ 15 

GeV; 

• Lepton-jet separation: The separation of a lepton 
with all nearby jets must satisfy ARij > 0.4. If this 
is not satisfied, then that lepton is not counted as 
a lepton. For completeness, we must mention that 
jets are constructed from hadrons using PYCELL 
within PYTHIA; 

• Hadronic activity cut: this cut is applied to 

consider only those leptons that have much less 

hadronic activity around them. Each lepton 

should have hadronic activity which is accounted 

g^g ^P^hadron < Q 2 withiii the cone of radius 0.2 
pt, — 

around the lepton; 

• HardpT cuts for four lepton events: pn^ > 30 GeV, 
PTi^ > 30 GeV, pt /3 > 20 GeV, pn^ > 20 GeV. 


Cuts 

Ptr ,Pt^^ 

\Vji -bjsl 


Vjl * Vj2 

VBF 

> 50 

> 4 

500 

< 0 


IV. PREDICTIONS FOR 
pp IN MLRSM 


TABLE I. Selection criteria for the forward jets. The two 
highest pt jets PTj-^,PTj^ are chosen as the VBF forward jets. 


Before we discuss our simulated results, selection cri¬ 
teria should be defined, which are crucial for extracting 
proper signals and reducing the SM background. For se¬ 
lecting leptons, we use the same criteria as defined in 
previous papers 0111 , which are read as follows: 

• Lepton identification criteria: pseudo-rapidity 
\rie\ < 2.5 and pn > 10 GeV; 

• Detector efficiency for charged leptons: 

— electron (either e^): 0.7 (70%); 

— muon (either p^): 0.9(90%); 

• Smearing of muon pp and electron energy are im¬ 
plemented in PYTHIA; 

• Lepton-lepton separation: ARu > 0.2; 

• Lepton-photon separation: ARi^ > 0.2 where all 
the photons have pp^ > 10 GeV; 

• We have implemented a Z-veto to suppress the SM 
background, and this has a larger impact while re¬ 
ducing the background for the four-lepton without 
missing energy. This veto reads as follows: The 


® The only constraint which could arise is WI ±± < 2\/^vji ^ 

^2 

40 TeV for vji = 8 TeV. It comes from the assumption that scalar 
potential parameter p 2 is in the perturbative regime p 2 < 47r. 


The Parton Distribution Function (PDF) for protons is 
defined by CTEQ6L1 (4^. After satisfying the above se¬ 
lection criteria, additional cuts are applied to identify the 
forward jets. The detail of these VBF cuts are depicted 
in Tab. HI 

Considering the constraints on potential parameters 
discussed in section HIIl in Fig.|4]the results are presented 
for the doubly charged Higgs production process with two 
jets as a function of their mass. While computing the 
MLRSM mass spectrum, we have set vr = 8 TeV (which 
leads to M\y 2 = 3.76TeV). The analyses are performed 
for the LHC with 14 TeV collision energy considering the 
high luminosity HL-LHC option as well as for future 
scenarios such as HE-LHC with center of mass en ergy 
33 TeV [H, 13 or the 100 TeV FCC-hh facility (H-Hij. 
The cross section for this process has been computed with 
a large pp. and VBF cuts as defined in Tab|T] 

As an example of a representative Higgs mass spectrum 
(benchmark) used in calculations, we assume degener¬ 
ate doubly charged Higgs masses M^±± = M^±± = 
500 [1000] GeV where masses of remaining scalar parti¬ 
cles compatible with results of section uni can be chosen 
as (in GeV): 

Mro = 125 [125],, Mho = 10431 [10431], ( 8 ) 

Mho = 27011 [27011], M^o = 384 [947], (9) 

M^o = 10437 [10437], M^o = 384 [947], (10) 

Mh± = 446 [974], M^± = 10433 [10433]. (11) 
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FIG. 3. {left panel) Dependence of the mass (in TeV) on 5p and for vr = 8 TeV. The parameter space (dp, 03 ) 

is divided into coloured regions where mass of is characterized according to the attached legend. Shaded regions are 

excluded due to FCNC, LHC and LEP constraints - see Eqs. o and and Refs. [Til . |40| respectively. The parameter space 
above the red-dotted line is disfavoured due to the unboundedness of the scalar potential - see Eq. Blue, dashed lines 
represent sets of points (5p, 03 ) for which mass splitting {M^±± — M^±) is 100, 80, 60, 40 and 20 GeV respectively, {right 
panel) Detailed view of the allowed part of parameter space with refined mass splitting lines. 


H--jj 



(GeV) 

FIG. 4. Dependence of cross sections {a) with the masses of 
doubly charged scalars for the process pp —^ jj for 

different centre of mass energies: 14 TeV (red-solid), 33 TeV 
(green-dashed), and 100 TeV (blue-dotted), respectively. 


This spectrum is obtained with the following set of 
potential parameters {vr = 8 TeV): 


Ai = 0.129 [0.129], A 2 = 0 [0], (12) 

A 3 = 1 [1] A 4 = 0 [0], (13) 

ai = 0 [0], 02 = 0 [0], 03 = 3.4 [3.4], (14) 

Pi = 5.7 [5.7], p 2 = 0.00115 [0.00701], (15) 

P 3 = 11.405 [11.428]. (16) 


The cross sections for the following process at the par- 
ton level with minimal imposed cuts are given as follows: 

a{pp -p- (17) 

{ 4.04 [0.12] X 10-2 fb for Vs = 14 TeV, 

45.30 [3.36] X lO’^ fb for Vi = 33 TeV, 
282.80 [31.76] x fb for Vs = 100 TeV, 

where £ = e,p. These minimal cuts are e.g. minimum 
Pt cuts for leptons and jets such that they are identified 
as observable in the detector and do not contribute to 
missing energy. 

The result in Eq. dm is further processed using the 
VBF cuts 

a{pp -)> i^i^i^i'^jj) (18) 

0.54 [0.01] X 10-2 fb for Vs = 14 TeV, 

6.21 [0.40] X 10-2 fb for Vs = 33 TeV, 

37.01 [3.54] X 10-2 fb for Vs = 100 TeV. 

For the sake of completeness let us display contribu¬ 
tions from two intermediate channeldl with the default 


4 In 0 we wrongly assigned with right triplet and 

with left triplet in Eq. (A. 13). We would like to thank Juan 
Carlos Vasquez for directing our attention to this fact as he con¬ 
sidered this process in [45| . 
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cuts in Madgraph (MG): 


a{pp 


(19) 


{ 11.16 [0.39] X 10-2 fb for 
90.87 [7.05] X 10-2 fb for 
599.70 [73.28] x 10-2 fb for 


y/s=U TeV, 
yi = 33 TeV, 
yi = 100 TeV, 


and 


taken to be 3 TeV and the mass of the third one is at 
the level of 800 GeV. As vr = 8 TeV, the Yukawa cou¬ 
plings are within the perturbative limit. If the rr decay 
mode would be larger, predictions given here should be 
rescaled properly using corresponding branching ratios 
(for instance, in the democratic three-generation case, 
the branching ratio for the ee and pp channels would be 
decreased by about 15% each). 


a{pp 


( 20 ) 


{ 8.35 [0.19] X 10-2 fb for 
71.20 [3.81] X 10-2 fb for 
401.40 [37.43] x 10-2 fb for 


yi = 14 TeV, 
yi = 33 TeV, 
yi = 100 TeV. 


As one can see, the cross sections in Eqs. CH) and (Uni) 
are larger than these given in Eq. (HID. The reason for 
this is while computing the cross section for the leptonic 
final state, i.e., Eq. (UHl), all the selection cuts are in¬ 
corporated and that reduces the cross section by a large 
amount. 

Some technical details related to the computing 
method are in order here. At the MG level, one can 
control the gluon contributions using option QCD=0. The 
cross section for pp —>• switched off glu¬ 

ons turns out to be about 5 times smaller than for that 
with gluons. Hence, QGD contributions to that signal are 
really important. However, in both cases, distributions 
of the rapidity (y) of jets are quite different. Allowing 
for gluons, they are peaked around y = 0 , which im¬ 
plies that jets are emitted mostly perpendicular to the 
beam. Otherwise, rapidities are peaked around jyj ^ 3 
and jyi — 2 / 2 ] 5; i.e., there are two back-to-back jets 

emitted along the beam. Hence, setting QCD=0 allows 
us to preselect processes which are consistent with VBE 
cuts. Effectively, it shortens computing tim^l. 

Let us comment on the decay scenario used in 

the calculations. It is assumed that the decay of is 
dominantly into a pair of the same sign and same-flavor 
charged leptons (for all possibilities within MLRSM, see 
0 ). In other words, it is assumed that the Yukawa cou¬ 
pling matrix of doubly charged scalar with charged 
leptons is diagonal. Assuming no mixed leptonic decay 
modes (ep), i.e., no lepton flavor violation, the coupling 
of doubly charged scalar with charged leptons in 

MLRSM is proportional to the heavy neutrino mass of 
the corresponding lepton generation. Thus the ee, pp 
decay modes will be larger compared to the rr case if 
the first and second generations of right-handed neu¬ 
trinos are more massive than the third-generation one. 
This point has been clarified and shown numerically in 
Eig. 2.5 in Ref. 0 - In the present analysis, the masses 
of the first two generations of right-handed neutrinos are 
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Typical run times for generating 5 • 10“^ events of pp 

and pp with qCD=0 

are, respectively, about 3h and 54 h on 8 core 3.4 GHz CPU. 


Process: ZZjj 
with ^/8 
in TeV 

Cross section [fb] 
at parton level 
in Madgraph 

Cross section [fb] 
after showering, 

and hadronization 

in PYTHIA 

14 

0.115 

0.003 

33 

1.109 

0.008 

100 

4.794 

0.038 


TABLE II. Standard Model cross section in fb for £^£~£'^£~jj 
final state and ^/s — 14, 33, 100 TeV LHC. The cuts are 
suitably applied, see section lYl to compute the SM back¬ 
ground at the parton level and after incorporating showering 
and hadronization in PYTHIA. 

The SM background at the LHC for the signal 4£ + 2 
jets is accounted from the process pp —>■ ^^( 77 , Zj)jj —>■ 
£+£-£+£- jj- We have noted that after implementation 
of the selection cuts, the dominant background is con¬ 
tributed from the pp —)> ZZjj —>■ £~^£~£~^£~jj process. 

Eor y/s = 14, 33, 100 TeV pp collisions, the SM back¬ 
ground is given in Tab.|TT|both at the parton level and af¬ 
ter hadronization and passing through implemented cuts. 

We can see that the background is suppressed very ef¬ 
fectively. The results in Tab. m are obtained in the lead¬ 
ing order; electroweak corrections can change the results 
not more than 10 % [s^ which can change the significance 
of signals at the level of about one percent at most. 

Finally, to judge the strength of the MLRSM signals 
we decided to show the dependence of the significance 
of the result as a function of the integrated luminosity. 
As can be seen in Fig. 0 (left-top), a comfortable value 
of the significance at the level of 5 can be reached for 
Mr±± = 500 GeV in pp collisions with 

• yi =100 TeV and with 100 fb-^ integrated lumi¬ 
nosity; 

• yi = 33 TeV and with 700 ft)-^ integrated lumi¬ 
nosity. 

No signal at this significance level (^ 5) can be reached 
with yi = 14 TeV pp collisions, even if the integrated 
luminosity is around 3000 fb-^. 

In Fig. [S] (right-top) we can see that doubly charged 
Higgs bosons with masses up to Mr±± = 700 GeV with 
significance at the level of 5 can be probed for both cen¬ 
ter of mass energy 33 and 100 TeV with integrated lu¬ 
minosities around 3000 and 300 fb-^, respectively. In 
Fig. [S] (left-bottom) it is evident that the 1 TeV doubly 
charged scalar can be probed with a significance of 5 only 
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FIG. 5. Variations of significance of the signal with integrated luminosities for different energies of pp colliders and various 
doubly charged Higgs boson masses. 


with 100 the TeV collider with luminosity at least 1000 
The Fig. [5] (right-bottom) summarizes the situation 
for the FCC-hh collider option for three different sets of 
masses of doubly charged scalars: 500, 600, 700, 800, 900 
and 1000 GeV. This figure also shows that significance 
at the level of 7 can be reached for M^±± = 1 TeV and 
y/s = 100 TeV with integrated luminosities around 3000 
fb“^. We can see that this collider opens up a very wide 
range of Higgs boson masses which can be explored. 

V. CONCLUSIONS AND OUTLOOK 

In this paper we have considered production and de¬ 
cays of a pair of doubly charged Higgs bosons through 
vector boson fusion within the MLRSM framework. To 
do so we have evaluated suitable benchmark points for 
masses of Higgs bosons, which are in agreement with sev¬ 


eral constraints coming from FCNC, vacuum stability, 
LEPH and recent ATLAS searches on doubly charged 
scalars. There are strong relations among masses of dou¬ 
bly and singly charged and neutral scalars which prevent 
us from choosing their individual values freely, leaving 
us with the suitable benchmarks we are using in this pa¬ 
per. We have further noted and shown that the splitting 
between the doubly ) and singly (H^) charged 

scalars is less than Mwi, irrespective of the SU{2)r 
breaking scale. Thus, the on-shell decay —>• 

is protected and the decay branching ratio of the doubly 
charged scalar is affected. 

After settling these issues regarding the spectrum, we 
have computed the signal cross section for the process 
pp —>■ —>• using realistic cuts. 

The necessary SM background for this final state is also 
evaluated. It has been shown that LHC2 even with high 































integrated luminosity will be not be sensitive to the VBF- 
like signals even with relatively light dou¬ 

bly charged Higgs bosons (say, ^ 500 GeV). We have 
shown that much better perspective exists for the future 
FCC colliders with center of mass energies 33 and (or) 
100 TeV. 

In passing we would like to mention that we have used 
the VBF cuts as adopted in ■ We have compared the 
ATLAS and CMS (tight and loose) suggested cuts which 
are not very widely different from significance point of 
view. 

Let us conclude with a comparative comment: 
MLRSM VBF-like signals connected with scalar 

production (which is part of the right-handed triplet) 
is comparable with the scalar production, see 

Eqs. (fT^ and (l20l) . Thus the cross section for signal 
events are larger compare to that for Type-II seesaw sce¬ 
nario with same masses for triplet scalars. It may give a 


chance to disentangle between MLRSM and SM with an 
additional triplet, e.g. the Higgs Triplet Model [l^ IsTI - 
[55j |. though detailed analyses are needed for comparison. 
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